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INTRODUCTION 

The presence o f  h igh  quan t i t i es  o f  aromatic compounds i n  middle d i s t i l l a t e  f u e l s  
causes problems f o r  re f i ne rs  and users because o f  t h e  soo t ing  propensi ty o f  such 
o i l s .  D i s t i l l a t e  f u e l s  con ta in ing  a h i g h  p r o p o r t i o n  o f  a romat ic  compounds a r e  
being produced due t o  t h e  increased use o f  non-conventional crudes and o f  lower 
cos t  b lending components t o  maximize product y i e l d .  

The method normally used i n  re f i ne r ies  f o r  determining aromatics i n  o i l s  i s  ASTM D 
1319, t h e  f l u o r e s c e n t  i n d i c a t o r  adso rp t i on  (FIA) method (1). The method uses 
inexpensive equipment and i s  s imp le  t o  perform; however, it does have some 
l i m i t a t i o n s .  The procedure i s  l eng th l y  and r e s u l t s  depend upon t h e  opera to r ' s  
a b i l i t y  t o  d i s t i n g u i s h  between t h e  co lo red  bands, which can be d i f f i c u l t  f o r  
colored samples. Problems have been repor ted  w i th  v a r i a t i o n s  i n  dye composi t ion 
and a v a i l a b i l i t y  of t he  proper grade and a c t i v i t y  o f  s i l i c a  gel  (2). F i n a l l y ,  t h e  
scope of t he  method excludes samples w i th  f i n a l  b o i l i n g  po in ts  greater than 315OC. 

The purpose o f  t h e  present work was t o  develop a simple, inexpensive and p rec i se  
method t o  determine aromat ics content i n  heat ing  o i l s  and d i e s e l  f u e l s .  I t  was 
desired t h a t  t h e  method be app l icab le  t o  samples b o i l i n g  as h igh  as 4OO0C, and 
t h a t  it be s u i t a b l e  f o r  use in  re f i ne ry  cont ro l  laborator ies.  

Mass spec t romet ry  and n u c l e a r  magnet ic  resonance may be  used f o r  a r o m a t i c s  
de terminat ion ,  b u t  bo th  r e q u i r e  expensive i ns t rumen ta t i on  and h i g h l y  t r a i n e d  
operators. They a re  there fore  unsui table f o r  rou t i ne  re f i ne ry  use. 

Many methods based on h i g h  performance l i q u i d  chromatography (HPLC) have been 
employed f o r  s a t u r a t e s  and aromat ics  de te rm ina t ion .  Some examples a r e  t h o s e  
reported by Suatoni and Swab (3), A l f redson (4) and Cookson e t  a l  (5). Genera l l y  
these methods a r e  character ized by good separation, ana lys is  times o f  less than 10 
minutes, and a r e  n o t  l i m i t e d  t o  low b o i l i n g  samples. The i r  main disadvantage i s  
t he  s p e c i f i c i t y  o f  t h e  usual u l t r a v i o l e t  (W) and r e f r a c t i v e  index (RI) detectors, 
which require ex tens ive  c a l i b r a t i o n  using e i t h e r  model compounds s i m i l a r  t o  those  
i n  the  samples be ing  analyzed, o r  f r a c t i o n s  prepared from t h e  actual  samples by 
open column chromatography. 

Two detectors thought t o  be preferable t o  the  R I  and W, because o f  t h e i r  r e l a t i v e  
uni formity o f  response f o r  hydrocarbon types over a wide range o f  carbon numbers, 
a re  the d i e l e c t r i c  constant (DC) detector and the  flame ion i za t i on  detector (FID). 
Th is  ! in i fo rmi ty  o f  response g r e a t l y  simp1 i f  i e s  t h e  c a l i b r a t i o n  procedure. Hayes 
and Ai.'erson (6) used a DC d e t e c t o r  i n  c o n j u n c t i o n  w i th  conven t iona l  HPLC 

30 



I 

employing P a r t i s i l  columns and n -bu ty l ch lo r i de  as the  mobi le phase t o  determine 
saturates, monoaromatics and polyaromatics i n  fue l  d i s t i l l a t e s .  

The FID p r e s e n t s  a p rob lem when used w i t h  c o n v e n t i o n a l  HPLC because  o f  
interference from commonly used solvents. Nor r i s  and Rawdon (2) have success fu l l y  
coupled s u p e r c r i t i c a l  f l u i d  chromatography (SFC) w i th  FID us ing  carbon d i o x i d e  as 
t h e  mob i le  phase and a s i l i c a  column coated  w i t h  s i l v e r  n i t r a t e  t o  de termine 
saturates,  o l e f i n s  and aromat ics i n  gaso l i nes .  Schwartz and Brownlee (7) a l s o  
employed SFC/FID t o  determine p a r a f f i n s ,  o l e f i n s  and a romat i cs  i n  g a s o l i n e s  
employing a s i l i c a  column wi th  s u l f u r  hexaf luor ide as the  mobile phase. 

I n  SFC t h e  mob i le  phase i s  a h i g h l y  compressed gas (8) w i t h  exce l l en t  s o l v a t i n g  
proper t ies .  Th is  cond i t ion  i s  achieved above the  c r i t i c a l  temperature and pressure 
o f  t h e  mobi le phase. General ly the  dens i ty  o f  t h e  f l u i d  and hence i t s  s o l v a t i n g  
a b i l i t y  i s  i nc reased  by e i t h e r  i n c r e a s i n g  t h e  p r e s s u r e  o r  d e c r e a s i n g  t h e  
temperature. Th is  w i l l  usual ly r e s u l t  i n  a loss o f  s e l e c t i v i t y  w i th in  a homologous 
ser ies ,  bu t  can be advantageous when c lass  separations (saturates,  aromatics) a re  
desired over a wide molecular weight range. An SFC system i s  e a s i l y  coupled t o  an 
FID w i t h  l i t t l e  i n t e r f e r e n c e  f rom t h e  m o b i l e  phase f l u i d  s i n c e  i t  r a p i d l y  
desolvates be fore  en ter ing  the  detector (9). 

I n  t h e  present work the  e f f e c t s  of  temperature, pressure and s ta t i ona ry  phase on 
t h e  SFC/FID d e t e r m i n a t i o n  o f  a r o m a t i c s  i n  m i d d l e  d i s t i l l a t e  f u e l s  were  
i n v e s t i g a t e d .  The FID response t o  bo th  s a t u r a t e s  and aromat ics  i s o l a t e d  f rom 
several actual  samples was determined. Resul ts were compared t o  those ob ta ined by 
the  FIA method, and the  p o s s i b i l i t i e s  o f  us ing  SFC/FID f o r  determining aromat ics 
on t h e  basis o f  number o f  r i ngs  was invest igated. 

MPERIUEHTAL 

Instrumentat ion 
A Varian model 8500 syr inge pump was used t o  pressur ize t h e  carbon d iox ide  i n  the  
chromatographic column. I n l e t  pressures were between 3250 and 4200 ps i  (22,400 and 
28,900 kPa). To f a c i l i t a t e  f i l l i n g  o f  the  pump w i t h  l i q u e f i e d  gas, two a l t e r n a t e  
methods were used. One employed a Lauda model K4R c i r c u l a t o r  ba th  t o  keep t h e  
s y r i n g e  pump coo led .  The o t h e r  employed a c y l i n d e r  o f  carbon d i o x i d e  p r e -  
pressur ized t o  1200 ps i  w i t h  hel ium which al lowed t h e  pump t o  be f i l l e d  w i thou t  
c o o l i n g  (10). A Shimadzu model GC-EA gas chromatograph equ ipped w i t h  an FID 
contained the  chromatographic column. The CC was run  iso thermal ly  a t  temperatures 
ranging from 35 t o  90°C; t h e  temperature o f  t h e  de tec to r  was 4 0 0 O C .  A Rheodyne 
va l ve  model 7520 equipped w i t h  a 0 . 2  pL i n t e r n a l  sample loop mounted on t h e  
e x t e r i o r  of t h e  gas chromatograph was employed t o  introduce t h e  sample onto the  
column. A Spec t ra -Phys ics  model 4290 comput ing  i n t e g r a t o r  was used f o r  t h e  
c o l l e c t i o n  and reduct ion o f  the  data. 

Columns and R e s t r i c t o r s ,  
A l l  columns were 2 5 h  x 2.lmn I D  ( A l l t e c h  Associates). The f o l l o w i n g  s ta t i ona ry  
phases were employed: 5p s i l i c a  adsorbosphere, 5p cyano, 5p amino, and 20% AgNO 
on 5p s i  I i ca .  The r e s t r i c t o r s  were f l e x i b l e  fused s i  I i c a  capi I la ry  tub ing  attached 
t o  t h e  column w i t h  a 0.4mm 40% g raph i te  f e r r u l e  w i t h  a low dead volume f i t t i n g .  
E i the r  5Omn of lop ID  tub ing  inserted approximately 3 h  i n t o  the  FID, o r  1 3 h  o f  
20p I D  tub ing  i nse r ted  approximately 9Omm i n t o  t h e  FID, as c lose  as poss ib le  t o  
the  flame, was used. The l a t t e r  arrangement was found t o  e l i m i n a t e  ’spik ing”,  a 
common problem i n  SFC (10). 
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l i b r a t i o n  Mater ia ls  
i c  ACS gra e carbon d i s u l f i d e  (CS ) was used f o r  d i l u t i o n  o f  t he  
i c a t i o n  ofdthe column chromatoarapiic procedure o f  Sawatzky e t  a l  

. ,  o r  t h e  p repara t i on  o f  s a t u r a t e s  and' a romat i cs  f r a c t i o n s  f rom 
several actual  samples. The saturates f r a c t i o n  was e lu ted  from t h e  s i l i ca -a lumina 
column w i t h  n-pentane and the  aromatics w i t h  to luene. Following care fu l  a i r  d ry ing  
t o  remove t h e  so l ven t  these f r a c t i o n s  were used f o r  checking t h e  FID response 
fac to rs .  

RENTS AND DISCUSSION 

Saturates-Aromatics Separation 
A .  E f fec t  of Temperature: Retention time data, expressed as capaci ty fac to rs ,  f o r  

a se r ies  of model compounds are shown i n  the  f i r s t  two columns o f  Table 1 f o r  
t h e  s i l i c a  s t a t i o n a r y  phase, m o b i l e  phase  p r e s s u r e  o f  3600 p s i  and 
temperatures of 90 and 35OC. The capacity fac to r ,  k, i s  def ined by: 

where t, i s  t h e  r e t e n t i o n  t ime  o f  t h e  g i ven  model compound, and to i s  the  
re ten t ion  t ime of a compound no t  retained by the  column which i n  t h i s  case i s  
the impuri ty peak i n  the  CS, solvent.  A t  both temperatures, t h e  saturates span 
a much smal le r  range o f  k values than do t h e  aromat ics .  However, it can be 
seen t h a t  a t  35'C t h e  s a t u r a t e s  as a group a r e  b e t t e r  separated f r o m  t h e  
monoaromatics. For example a t  t h i s  temperature C,, has a lower k va lue  than 
does benzene, b u t  a t  Q O O C  C , and t o l u e n e  have approx ima te l y  t h e  same k 
values. The b o i l i n g  p o i n t s  of to luene and C3, correspond approximately w i t h  
the  lowest  i n i t i a l  b o i l i n g  p o i n t  and t h e  h i g h e s t  f i n a l  b o i l i n g  p o i n t  (as 
determined by gas chromatographic s i m u l a t e d  d i s t i l l a t i o n )  o f  a l l  m i d d l e  
d i s t i l l a t e  samples studied i n  the  present work. 

The dramatic improvement i n  saturates-aromatics separation upon decreasing the 
oven temperature i s  shown f o r  an actual  sample by t h e  chromatograms i n  F igure  
1. The sharp i n i t i a l  e l u t i n g  peak i s  due t o  the  sa tura tes .  A t  35°C t he re  i s  
almost basel ine separat ion between the  saturates and the monoaromatic group of 
peaks. An added advantage o f  operat ing a t  the  lower temperature i s  the shorter 
re ten t ion  times, which would r e s u l t  i n  shorter ana lys is  t imes per sample. For 
example, phenanthrene e lu tes  i n  11 min. a t  90°C compared t o  6 min. a t  35OC 
This  can be a t t r i b u t e d  t o  increased dens i ty  o f  t h e  s u p e r c r i t i c a l  CO, a t  t h e  
lower temperature, which increases i t s  so lva t ing  a b i l i t y  (8). 

B. E f f e c t  o f  Pressure: Data a r e  n o t  shown, b u t  t h e r e  was some improvement i n  
separa t i on  between s a t u r a t e s  and aromat ics  a t  90°C when t h e  pressure  was 
increased f rom 3250 t o  3600 ps i ,  presumably due t o  the  increased dens i t y  o f  
the CD . A t  35OC, however, t h e r e  was v i r t u a l l y  no change i n  t h e  separa t i on  
over t6e  pressure range of  3000 and 4200 ps i .  

E f f e c t  of Stat ionary Phase: Gr i zz le  and Sablotny (12) employed HPLC with two 
aminosi lane columns i n  s e r i e s  and hexane/methylene c h l o r i d e  as the  mob i l e  
phase t c  s e p z r a t e  s a t c r a t e s  and a r o m a t i c s .  Lundanes and Gra ib rokk  (13) 
repor ted  t h a t  a s i l ve r - impregna ted  s i l i c a  column was r e q u i r e d  t o  o b t a i n  
complete separa t i on  o f  sa tu ra tes  and aromat ics  by SFC us ing  CO,.. Based on 
these s t u d i e s  we i n v e s t i g a t e d  t h r e e  o t h e r  columns o r  combina t ions  i n  an 
at tempt t o  improve upon t h e  separa t ion  between sa tura tes  and aromatics. The 
data obtained a t  a pressure of 3600 ps i  and temperature o f  35OC are  shown i n  

k (t, - to) / t 
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Table 1. It can be seen t h a t  the  separat ion us ing  t h e  s i l i c a / c y a n o  (Si/CN) 
combination i s  no t  as good as t h a t  of the  s i l i c a  a t  t he  same temperature. C, 
and xylene have the  same k value using the  Si/CN, whereas C, has a smal le r  E 
va lue  than xy lene w i t h  t h e  s i l i c a  a l o n e .  For t h e  amino fNH,) column t h e  
separat ion between sa tura tes  and aromat ics i s  much poorer; i n  t h i s  case C 
has t h e  same k v a l u e  as hexamethyl benzene. From t h e  I i m i  t e d  number ,"d 
compounds run, i t  appears t h a t  t he  se r ies  combination o f  s i l ica/POX AgNO, on 
s i l i c a  (Si/Ag) i s  no b e t t e r  than s i l i c a  a t  90°C. I t  i s  concluded t h a t  o f  t h e  
s ta t i ona ry  phases s tud ied  i n  our SFC system, t h e  b e s t  sa tura tes-aromat ics  
separation i s  obtained using a 5p s i l i c a  column. 

Ca l ib ra t ion  
I n  o r d e r  t o  check FID response f a c t o r s  f o r  s a t u r a t e s  and a romat i cs ,  some 
c a l i b r a t i o n  s tud ies  were ca r r i ed  out.  The c a l i b r a t i o n  curves were determined using 
sa tura tes  and aromat ics f r a c t i o n s  prepared from fou r  m idd le  d i s t i l l a t e  samples 
using the  procedure reported by Sawatzky e t  a l  (11). Recoveries o f  ma te r ia l  from 
the  column ranged from 81 t o  99 w t X ,  i n d i c a t i n g  the  loss o f  some lower b o i l i n g  
components. The SFC chromatograms o f  one o f  t h e  samples and o f  i t s  s e p a r a t e  
f r a c t i o n s  us ing  t h e  s i l i c a  column a t  a pressure o f  3250 p s i  and tempera ture  o f  
90°C, a re  shown i n  Figure 2. The r e l a t i v e l y  h igh  degree o f  p u r i t y  o f  each f r a c t i o n  
implies t h a t  t h e  separations by column chromatography and SFC are  s i m i l a r  making 
the  f rac t i ons  s u i t a b l e  f o r  c a l i b r a t i o n  purposes. 

The c a l i b r a t i o n  curves ob ta ined over a broad range o f  concen t ra t i on  u s i n g  CS, 
so lu t ions  of t h e  saturates and aromatics f r a c t i o n s  are shown i n  Figure 3 .  The data 
po in ts  were f i t t e d  t o  t h e  l i n e :  y = A * x .  The response f a c t o r s  as g i v e n  by t h e  
slopes o f  each l i n e  d i f f e r  by only 5%. Di f ferences o f  t h i s  order of magnitude were 
reported f o r  CC/FID work on model compounds (14), from which i t  was concluded t h e  
response fac to rs  are more or  less eq iva len t .  

Curvature was noted i n  t h e  sa tura tes  response above approx imgte ly  1 0 0 ~ 1 0 ~  area 
counts, whereas t h e  aromat ics  response was l i n e a r  t o  300x10 area coun ts .  The 
l i k e l y  reason f o r  t h i s  behavior i s  t h a t  t he  FID becomes sa tura ted  above a c e r t a i n  
concen t ra t i on .  The s a t u r a t e s ,  which have a much sha rpe r  peak, s a t u r a t e  t h e  
detector a t  a lower sample s i z e  than do the  aromatics. Because o f  t h i s  non- l inear  
behavior, it was necessary t o  reduce the  concentrat ion o f  sample reaching t h e  FID 
by d i  l u t i on .  CS, was chosen as the  solvent because o f  i t s  low FID response. I t  was 
found f o r  a l l  samples i n  t h i s  s tudy  t h a t  d i l u t i o n  by a f a c t o r  o f  t e n  was 
s u f f i c i e n t  t o  b r i n g  t h e  saturates i n to  the  l i nea r  range. 

Because of t h e  c l o s e  agreement between sa tu ra tes  and a romat i cs  response f o r  
f r a c t i o n s  ob ta ined from ac tua l  samples, i t  was decided t h a t  t h e  i n teg ra ted  area 
percentages may be used d i r e c t l y  t o  quan t i t a te  sa tura tes  and aromat ics p rov ided 
t h a t  samples a r e  d i l u t e d  such t h a t  t he  components a re  w i t h i n  t h e  l i n e a r  range o f  
t he  detector and t h a t  a small cor rec t ion  i s  made f o r  t he  area o f  t he  impuri ty peak 
from the  CS,. 

Repeatabi I i t v  and Accuracy 
f h e  w t %  aromatics values were obtained from analyses o f  dup l i ca te  (1 : lO)  d i l u t i o n s  
i n  CS, of each o f  22 samples o f  heating o i l s  and diesel  f ue l s .  Standard dev ia t i ons  
ranged from 0 t o  1 .4  w t X .  A poo led  s tandard  d e v i a t i o n  v a l u e  o f  0.4 w t %  was 
ca lucu la ted  from a l l  data us ing  the  formula g iven by Snedecor and Cochran (15). 
According to.ASTM C 670-81 (16) the  standard dev ia t ion  i s  m u l t i p l i e d  by t h e  f a c t o r  
2.83 t o  ob ta in  a repea tab i l i t y .  For the  present data t h i s  repeatabi  I i t y  statement 
i s  as follows: "Duplicate measurements by the  same operator should be considered 
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i f  t h e y  d i f f e r  by more t h a n  1.1 w t X  19 t i m e s  o u t  o f  20 " .  T h i s  
I i t y  compares favorably w i th  t h a t  reported f o r  t he  FIA method (1). 

These p a r t i c u l a r  r e p e a t a b i l i t y  measurements were c a r r i e d  o u t  by a chemica l  
t echno log is t  w i t h  one year o f  gas chromatographic exper ience.  Three days were 
r e q u i r e d  f o r  t h i s  i n d i v i d u a l  t o  become f a m i l i a r  w i t h  t h e  o p e r a t i o n  o f  t h e  
instrument and t o  perform the  analyses. Th is  ind ica tes  the  r e l a t i v e  s i m p l i c i t y  of 
t h e  t e c h n i q u e ,  and sugges ts  i t s  s u i t a b i l i t y  f o r  use  i n  r e f i n e r y  c o n t r o l  
labora tor ies .  

The accuracy o f  t h e  method could no t  be determined using ac tua l  samples s i n c e  the 
abso lu te  a romat i cs  c o n t e n t s  were n o t  known. An i n d i c a t i o n  o f  t h e  accuracy ,  
however, was made us ing  known mix tu res  o f  hexadecane and naphthalene i n  CS,. The 
d i f fe rences  between actual  and measured values ranged from 0 t o  1 w t % .  

Comparison t o  t h e  FIA Method 
besp i te  i t s  disadvantages, FIA i s  t he  most widely used standard method i n  t h e  o i l  
industry fo r  aromatics determinat ion.  For t h i s  reason it was used as a b a s i s  f o r  
comparison o f  t h e  present SFC/FID resu l t s .  Th is  comparison i s  shown by the  p l o t  i n  
Figure 4. A l i nea r  regression o f  t h e  data, ind ica ted  by t h e  s o l i d  l i n e  i n  F igu re  
4, y ie lded  a c o r r e l a t i o n  c o e f f i c i e n t  o f  0.9018. The 95% conf idence i n t e r v a l  f o r  
t h i s  regress ion  i s  g iven  by t h e  dashed curves .  The c o n s i s t e n t  b i a s  o f  a l l  bu t  
t h ree  o f  t he  po in ts  t o  higher values by SFC/FID (sIope=0.97) probably r e f l e c t s  the 
f a c t  t h a t  t h e  ou tpu t  o f  FIA i s  i n  VOIR whereas t h a t  f o r  SFC/FID i s  i n  wt%.,  Th is  
has a lso  been ind ica ted  i n  the  work o f  Nor r i s  and Rawdon (2). 

There are  two poss ib le  explanations f o r  the  th ree  samples whose po in ts  l i e  ou ts ide  
the  confidence l i m i t s .  F i r s t ,  these samples y ie lded o l e f i n s  values by FIA g rea te r  
t han  3 ~ 0 1 % .  H igh  concen t ra t i on  o f  o l e f i n s  do i n t e r f e r e  w i t h  t h e  s e p a r a t i o n  
between sa tura tes  and aromatics on a s i l i c a  column (17), which might r e s u l t  i n  the 
lower a romat ics  va lues  by SFC. Secondly, two o f  t hese  t h r e e  samples c o n t a i n  
components b o i l i n g  we l l  above 315'C which makes t h e  FIA r e s u l t s  quest ionable f o r  
these samples. 

C l a s s i f i c a t i o n  o f  Aromatics by Number o f  Rings 
f h e  capaci ty f a c t o r  data f o r  t he  s i l i c a  column a t  both 90 and 35'C shown i n  Tab le  
1 i n  general i n d i c a t e  a grouping o f  t h e  aromat ics according t o  number o f  r i n g s .  
The only s i g n i f i c a n t  over lap occurs between t h e  monoaromatics, hexamethylbenzene 
and octahydroanthracene, and t h e  diaromatic compounds. It i s  suspected t h a t  these 
monoaromatics ove r lap  because o f  t h e  la rge  amount o f  p i  e l e c t r o n  d e l o c a l i z a t i o n  
over the r i n g  s t ruc tu res .  For t h e  model compounds considered i n  t h e  present work 
good separat ion i s  obtained between the  diaromatics and polyaromatics. 

S ta t i ona ry  phases o the r  than s i l i c a ,  such as amino-modified s i l i c a ,  have been 
employed t o  separate po l ycyc l i c  aromatic hydrocarbons by HPLC (12,19) and by SFC 
(20). Our SFC data using a ser ies  combination o f  Si/CN s ta t ionary  phases, shown i n  
Tab le  1, i n d i c a t e  m a r g i n a l l y  b e t t e r  separa t i on  between mono- and d i a r o m a t i c s  
compared t o  s i  I i c a  a lone, bu t  poorer saturates-monoaromatics separat ion.  The NH, 
column provides the  best separat ion between mono- and diaromat ics,  b u t  very poor 
saturates-monoaromatics separat ion ( the  k value f o r  C i s  g rea ter  than most  of 
t h e  monoaromatic compounds as  seen f r o m  Tab le  1). E n a l l y ,  w i t h  t h e  s e r i e s  
combination of Si/Ag, t he  separation among aromatic types appears t o  be no b e t t e r  
than the s i l i c a  column. It i s  concluded tha t ,  o f  the  s ta t i ona ry  phases s t u d i e d  i n  
t h e  p r e s e n t  work,  a s i n g l e  s i l i c a  co lumn would be t h e  one p r e f e r r e d  f o r  
quan t i t a t i on  o f  aromatics according t o  number o f  r i ngs .  
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coNcLusIoNs 
A method employing SFC wi th  FID, s im i la r  t o  t h a t  reported by Norr is  and Rawdon f o r  
t h e  a n a l y s i s  o f  g a s o l i n e s  (2), has been developed f o r  t h e  d e t e r m i n a t i o n  of 
aromatics i n  middle d i s t i l l a t e  f u e l s .  Themethod i s  simple, employs r e l a t i v e l y  
inexpensive equipment, g i v e s  good r e p e a t a b i l i t y  and p r o v i d e s  r e s u l t s  which 
c o r r e l a t e  we l l  w i t h  those obta ined by FIA.  The SFC method i s  n o t  a f f e c t e d  by 
sample co lo r ,  appears t o  be app l icab le  t o  samples w i t h  f i n a l  b o i l i n g  p o i n t s  as 
h igh  as 45OOC and should be s u i t a b l e  f o r  use i n  a r e f i n e r y  c o n t r o l  labora tory .  
I n i t i a l  i n d i c a t i o n s  a r e  t h a t  the  de terminat ion  o f  aromat ics accord ing t o  t h e  
number of  r ings  can be accomplished by SFC/FID. 

ACKNOWLEDGEMENTS 

The authors would l i k e  t o  thank J. S t e p p l e r  and R .  D i e t r i c h  o f  Chemex Labs 
(Alberta) Ltd., Calgary, AB, Canada f o r  t h e i r  assistance i n  t h i s  work. 

REFERENCES 

1. "Manual on Hydrocarbon Analysis", 3rd Ed i t ion ,  American Society f o r  Tes t ing  

2. 
3. 
4. T.V. Alfredson, J .  Chromatogr., 218, 715 (1981). 
5. D.J. Cookson, C.J. R i x ,  I.M. Shaw and B.E. Smith, J .  Chromatogr., 312, 237 

(1984). 
6. P.C. Hayes and S.D. Anderson, Anal. Chem., 57, 2094 (1985). 
7. H.E. Schwartz and R.G. Brownlee, J. Chromatogr., 353, 77 (1986). 
8. P.A. Peaden and M.L. Lee, J. L iq .  Chromatogr., s(Suppl. 2), 179 (1982). 
9. M. Novotny, J. High Resol. Chromatogr. b% Chromatogr. Comm., 9, 137 (1986). 
10. H.E. Schwartz, J.W. Higgins and R.G. Brownlee, LC-GC, 4, 639-(1986). 
11. H. Sawatzky, A.E. George, G.T. Smiley and D.S. Montgomery, Fuel ,  55, 16 

(1976). 
12. P.L. Gr izz le  and D.M. Sablotny, Anal. Chem, 58, 2389 (1986). 
13. E. Lundanes and T. Greibrokk, J. Chromatogr., 349, 439 (1985). 
14. W.A. Deitz, J. o f  Gas Chromatography, 68, February, 1967. 
15. G.W. Snedecor and W.G. Cochran, " S t a t i s t i c a l  Methods", Seventh Edi t ion,  Iowa 

State Un ivers i ty  Press, Ames, IO, p.91, 1980. 
16. "Preparing Prec is ion Statements f o r  Test Methods f o r  Construction Mater ia ls" ,  

C 670-81, Annual Book o f  ASTM Standards, 1984. 
17. B.J. Fuhr and L.R.Holloway, A lber ta  Research Counci l ,  Edmonton, A l b e r t a ,  

unpub I i shed data. 
18. P.J. King and A.  Sagarra, i n  "Modern Petroleum Technology", G.D. Hobson and W. 

Phol, Eds., 4 t h  Ed., I n s t i t u t e  o f  Petroleum, App l ied  Science P u b l i c a t i o n  
Service, 1973. 

19. S.A. Wise, S.N. Chesler, H.S. Hertz, L.R. H i l p e r t  and W.E. May, Anal. Chem., 
49, 2306 (1977). 

20. KM. Campbel I and M.L. Lee, Anal. Chen., 58, 2247 (1986). 

and Mater ia ls ,  D 1319, Philadelphia, PA, 1977. 
T.A. Nor r is  and M.G. Rawdon, Anal. Chem., 56, 1767 (1984). 
J.C. Suatoni and R.E. Swab, J. Chromatogr. Sci ., l3, 361 (1975). 

35 



TABLE 1 

Comparison o f  Capacity Factors o f  Some Model Compounds Using D i f f e ren t  
Stat ionary Phases* 

Compound 

-- - - - - - - 
Saturates : 

N-pentane 
N-hexane 
3-Methylheptane 
N-decane 
Cyclohexane 
Dimethylcyclohexane 
Hexadecane 
Deca I i n 
E i  cosane (C2J 
Triacontane (C3J 

Benzene 
To I uene 
3-Ethyltoluene 
0-xy I ene 
Indane 
1 -P henydeca ne 
Tetra I i n 
Hexamethylbenzene 
Octahydroanthracene 

Monoaromati cs: 

Diaromatics: 
Naphthalene 
2-Methylnaphthalene 
Thianaphthalene 
Eipheny I 
Acenaphthalene 
B i benzy I 

F I uorene 
Dibenzothiophene 
Anthracene 
Phenanthrene 
Thi anthrene 
Fluoranthene 
Pyrene 
Chrysene 

Pol yaromat i cs  : 

S i  I ica 
goo c ------ 

- 
0.00 
0.02 
0.04 
0.04 
0.05 
0.11 
0.13 
0.18 - 

0.16 
0.19 
0.24 
0.26 
0.33 
0.39 
0.41 
0.69 
0. a0 

0.53 
0.56 
0.56 
0.70 
0.80 
0.92 

1.02 
1.16 
1.22 
1.27 
1.76 
1.82 
1.92 - 

S i  I ica 
35OC ---_-- 

- 
- 

0.00 

0.04 

0.05 
0.04 
0.09 

- 

0.17 
0.17 
0.16 
0.20 
0.25 
0.24 - 
- 
- 

0.37 - 
- - - 
- 

- 
- 
- 

0.85 - - 
- 

1.89 

Si/CN 
35OC ----- 

- 

0.15 

- - - 
0.15 - 
- 

0.27 
0.47 
0.54 

0.41 
0.47 
0.47 
0.44 
0.65 
0.57 

- - 
- 

1.15 

1.78 
- 
- 
- 

* A l l  runs were ca r r i ed  out a t  a pressure o f  3600 psi  
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FIGURE 1 :  SFC chromatograms o f  a middle 
d i s t i l l a t e  sample a t  temperatures o f  90 
and 35 OC using a s i l i c a  column and 
pressure of 3600 ps i .  

Aromatics 

L I I 
0 5 10 15 

Time (min) 

FIGURE 2: SFC chromatograms obtained 
a t  90°C and 3250 psi of a whole middle 
d i s t i l l a t e  sample and of i t s  saturates 
and aromatics fract ions separated by 
co 1 umn chroma tog raphy . 
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FIGURE 3: SFC c a l i b r a t i o n  curves using saturates and aromatics f rac t ions  
separated from middle d i s t i l l a t e s  by column chromatography. 
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FIGURE 4: Comparison o f  aromatics content o f  middle d i s t i l l a t e s  by 
SFC and FIA. 
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